Atherosclerosis is a chronic inflammatory disease characterized by the entrapment of apolipoprotein B-containing lipoproteins in the arterial intima, leading to local inflammation. T helper (Th) cell 1-mediated immune responses have been associated with atherosclerosis, and the cytokine interleukin-25 (IL-25 or IL-17E) has been reported to potentially regulate Th1 cell-and Th17 cell-related immune responses. In this study, we evaluated the effects of complete IL-25 deficiency or of a temporal IL-25 blockade on atherosclerosis development in apolipoprotein E-deficient (Apoe ؊/؊ ) mice. Mice deficient in both apolipoprotein E and IL-25 (Apoe ؊/؊ /IL-25 ؊/؊ ) had more Th1 cells in the spleen, along with elevated plasma levels of IL-17 and an increased release of splenic interferon-␥ (INF-␥). In support of this observation, a 4-week-long treatment of young Apoe ؊/؊ mice (at 10 -14 weeks of age) with an IL-25-blocking antibody increased the release of Th1/Th17-associated cytokines in the spleen. In both mouse models, these findings were associated with increased atherosclerotic plaque formation in the aortic arch. We conclude that complete IL-25 deficiency and a temporal IL-25 blockade during early plaque development aggravate atherosclerosis development in the aortic arch of Apoe ؊/؊ mice, accompanied by an increase in Th1/Th17-mediated immune responses. Our finding that endogenous IL-25 has an atheroprotective role in the murine aortic arch has potential implications for atherosclerosis development and management in humans.
inflammation and to modification of self-antigens, like the oxidative modification of low-density lipoprotein (LDL), targeted by both innate and adaptive immunity (1) . To date, Th1 immune responses have been associated with the promotion of atherosclerosis. In particular, a pro-inflammatory Th1-like cytokine profile has been detected in human atherosclerotic plaques (2, 3) , and IFN-␥ has been found to be expressed from T-cell clones that have been extracted from such plaques (3) . The outcomes of murine studies that include genetic deletion of the cytokine, its receptor, and the Th1-related transcription factor T-bet further support this notion (4 -7) . The role of Th2 responses, on the other hand, is less clear. They have traditionally been associated with B-cell activation and production of antigen-specific antibodies (IgM, IgG) which are oxidized LDL-specific. Anti-oxidized LDL IgM antibodies were reported to be atheroprotective (8, 9) ; they bind to oxidized LDL particles, leading to inhibition of oxidized LDL uptake by macrophages and prevention of foam cell formation. Additionally, in clinical studies, high levels of IgG autoantibodies to apoB-100 (the major protein in LDL) peptides have been associated with less carotid stenosis as well as lower risk for development of acute myocardial infarction (10, 11) . In regard to the Th2-related cytokine IL-4, contradictory reports have been published pointing to either a proatherogenic (12, 13) or antiatherogenic role (14) or no effect (15) of the cytokine. However, increased atherosclerosis has been observed in LDL receptordeficient mice, which were also deficient in IL-5 (8) . The atheroprotective role of IL-5 is further supported by another study indicating IL-33 to have a protective role in the development of atherosclerosis via the induction of IL-5 and oxLDL antibodies (16) . Furthermore, IL-13 deficiency in LDL receptor-deficient mice accelerated atherosclerosis development, whereas exogenous IL-13 administration modulated the morphology of atherosclerotic lesions by increasing the collagen and decreasing the macrophage content of plaques as well as by increasing the balance of M2/M1 cells in that location (17) . Last, the role of Th17 cells in atherosclerosis has been contradictory. In murine studies, Th17 cells were reported to be both pro-atherogenic (18 -20) and anti-atherogenic (21, 22) . IL-25, or IL-17E, a member of the IL-17 cytokine family, has been implicated in the initiation of Th2-related immunity by driving the expression of IL-4, IL-5, and IL-13 (23) . The innate lymphoid type 2 cell population (ILC2s) has previously been found to be targeted by IL-25, resulting in release of IL-5 and IL-13 (24 -27) . Thus, ILC2s represent an early source of these cytokines in type 2 immune responses. In line with the above, we have previously shown that IL-25 treatment of apoE-deficient mice (Apoe Ϫ/Ϫ ) reduces atherosclerosis through expansion of IL-5-releasing ILC2s, leading to increased levels of atheroprotective B1a-derived IgM antibodies recognizing the oxidized LDL epitope phosphorylcholine (PC) (28) . Nevertheless, the biological significance of endogenous IL-25 in atherosclerosis remains an unanswered question. Studies using IL-25-deficient mice have shown that IL-25 can also control the outcome of Th1/Th17 immune responses. IL-25-deficient mice, when infected with Trichuris muris, develop severe intestinal inflammation and increased levels of the pro-inflammatory cytokines IL-17A and IFN-␥ (29) . In addition, IL-25deficient mice have been shown to display severe experimental autoimmune encephalomyelitis, which was associated with increased numbers of inflammatory IL-17-and IFN-␥producing T cells (30) . Taken together, it appears that the absence of IL-25 creates an environment where Th1/Th17 immune responses dominate. The aim of this study was to evaluate whether endogenous IL-25 has a supporting influence on atherosclerosis development as exogenous IL-25 administration by using atherosclerosis-prone mice deficient in IL-25 or by blocking IL-25 in Apoe Ϫ/Ϫ mice using an anti-IL-25 antibody (Ab). We found that double-knockout mice deficient in apoE and IL-25 (Apoe Ϫ/Ϫ IL-25 Ϫ/Ϫ ) shifted the immune response toward Th1/Th17 and aggravated disease progression. In support, treatment of Apoe Ϫ/Ϫ mice with an IL-25blocking Ab in an early stage of plaque development showed similar findings.
Results

Experimental outline of the study
The role of endogenous IL-25 in atherosclerosis development was analyzed by using mice deficient in both apoE and IL-25 (Apoe Ϫ/Ϫ /IL-25 Ϫ/Ϫ ). These double-knockout mice were fed a high-fat diet (HFD) from 10 weeks of age and killed at 25 weeks of age ( Fig. S1a ). In addition, to evaluate the influence of a temporal IL-25 blockade on atherosclerosis progression, atherosclerosis-prone apoE-deficient (Apoe Ϫ/Ϫ ) mice were treated with an anti-IL-25 Ab or an isotype control Ab for 4 weeks during early atherosclerosis development (10 -14 weeks of age) and fed an HFD from 10 weeks of age until they were killed at 25 weeks old ( Fig. S1b ).
IL-25 deficiency or IL-25 blockade increases plaque formation in Apoe ؊/؊ mice
ApoE and IL-25-deficient mice fed HFD for 15 weeks and killed at the age of 25 weeks showed increased plaque areas in the aortic arch ( Fig. 1, a and c) , a location of enhanced atherosclerotic plaque formation in Apoe Ϫ/Ϫ mice (31) . Additionally, to study the effect of IL-25 blockade during early stages of atherosclerosis, Apoe Ϫ/Ϫ mice were fed HFD from 10 weeks of age, injected weekly with IL-25-blocking Ab or isotype control Ab the first 4 weeks of HFD (10 -14 weeks of age), and killed 11 weeks later ( Fig. S1b ). Oil Red O staining of the aortas of the mice showed that the anti-IL-25 treatment influenced the disease progression, resulting in increased plaque areas in the aortic arch (Fig. 1, d and f) . Treatment of Apoe Ϫ/Ϫ mice with the IL-25-blocking Ab or complete IL-25 deficiency did not affect plasma lipid levels, indicating that the observed increase in atherosclerotic lesions was not due to an effect on lipid metabolism (Table S1 ). However, no differences were detected in the plaque area in the descending aorta ( Fig. 1 , b, c, e, and f) or in subvalvular plaques in these two mouse models (Figs. 2a and 3a). Moreover, there was no difference in necrotic core area (Figs. 2b and 3b). Immunohistochemical staining of subvalvular sections of IL-25-deficient mice showed no differences in macrophage ( Fig. 2c ), collagen ( Fig. 2d ), ␣-smooth muscle actin ( Fig.  2e ), or IgM (Fig. 2f ) content. However, the CD3 ϩ T-cell staining showed increased presence of these cells, indicating formation of more pro-inflammatory plaques (Fig. 2, g and h) . IL-25 staining of subvalvular plaques in Apoe Ϫ/Ϫ mice suggested that IL-25 is expressed by endothelial cells, macrophages, and T cells in the intima, whereas medial smooth muscle cells seem not to be a source of IL-25 ( Fig. 2i ). In line with the findings in Apoe Ϫ/Ϫ /IL-25 Ϫ/Ϫ mice, treatment with the IL-25-blocking Ab showed no differences in macrophage ( Fig. 3c ), collagen ( Fig. 3d ), and CD3 ϩ T cell ( Fig. 3e ) content of the subvalvular plaques. Instead, anti-IL-25-treated mice displayed a slightly decreased ␣-smooth muscle actin staining ( Fig. 3 , f and g), which may indicate reduced plaque stability.
IL-25 deficiency or IL-25 blockade shifts the cytokine balance into a Th1/Th17-related profile in the periphery of Apoe ؊/؊ mice
In the assessment of the influence of IL-25 on splenic cell populations, we found that the IL-25-deficient mice have more Th1 cells and a tendency to more Th17 cells and fewer Tregs ( Fig. 4 , a, c, and d). Because IL-25 is a potent inducer of ILC2s, we also questioned whether IL-25 deficiency would affect this cell subset. Interestingly, IL-25 deficiency reduced splenic ILC2s, as assessed with the use of a flow cytometry (Lin Ϫ CD45 ϩ IL-17RB ϩ ICOS ϩ IL-7ra intermediate ), a cell type that previously has been shown to have atheroprotective properties ( Fig. 4e ) (28) . No differences in Th2 cells were detected ( Fig. 4b ).
We also assessed whether the IL-25 blockade at weeks 10 -14 of age had resulted in sustained immunological alterations. No differences of the T-cell populations Th1, Th2, Th17, and Tregs were detected between the groups in blood or in spleen at 25 weeks of age (Table S2 ). Analysis of cytokine levels in the plasma of IL-25-deficient Apoe Ϫ/Ϫ mice revealed a pro-inflammatory cytokine profile with increased plasma IL-17 levels and tendencies of higher levels of IL-12(p40) as well as TNF␣ ( Table 1 ). In addition, analysis of supernatants of PMA/ionomycin-stimulated splenocytes of female Apoe Ϫ/Ϫ /IL-25 Ϫ/Ϫ mice revealed no differences in IL-4, IL-5, IL-6, IL-9, IL-10, IL-13, and IL-17, whereas higher levels of IL-2, IL-12(p40), IFN-␥, and TNF␣ were detected ( Table 2 ). In line with these findings, IL-25 blockade induced an increase of PMA/ionomycin-stimulated Th1-and Th17-related cytokines (IL-6, IL-12(p40), IFN-␥, and IL-17) in splenocytes isolated from Apoe Ϫ/Ϫ mice alongside an increased IL-10 and IL-13 release (Table 3) . Additionally, anti-IL-25-treated mice revealed decreased plasma levels of the Th2-related cytokines IL-4 and IL-13 (Table S3 ). No statistically significant differences were detected for the rest of the measured cytokines in plasma (IL-2, IL-5, IL-6, IL-9, IL-10, IL-12(p40), IL-17, IFN-␥, and TNF␣) (Table S3 ). Collectively, the data presented above indicate that IL-25 deficiency and a temporal 4-week-long IL-25 blockade during early atherosclerosis in Apoe Ϫ/Ϫ mice create an environment with systemic pro-inflammatory and Th1/Th17-related immune responses.
IL-25 deficiency results in less plasma IgM antibody targeting oxidized LDL
Interestingly, the IL-25-deficient mice were found to have fewer plasma IgM antibodies recognizing the oxidized LDL epitope PC (Table S4) , antibodies previously found to be atheroprotective and to be induced by ILC2s (28) . The plasma levels of other Igs were not influenced by the IL-25 deficiency (Table S4 ). Assessment of plasma immunoglobulin levels in mice treated for 4 weeks with the anti-IL-25 or the control Ab (IgA, IgG1, IgG2a, IgG2b, IgG3, IgM, anti-PC IgM, and IgE) showed no difference between groups (data not shown).
Discussion
IL-25, which is a member of the IL-17 cytokine family, has been inextricably associated with the promotion of type 2 immune responses (23) (24) (25) (26) (27) . Mice deficient in IL-25 were reported to suffer from severe intestinal inflammation upon helminthic infection (29) and severe experimental autoimmune encephalomyelitis (30) , which in both cases was accompanied by increased Th1-and Th17-related immune responses. Consequently, it is apparent that there is a possible link between endogenous IL-25 and the sustainment of a balance between Th2-and Th1/Th17-related immune responses. In the concept of atherosclerosis, although the role of Th17 immune responses is still debatable (18 -22), Th1 immune responses have been uniformly reported to contribute to disease progression (4 -7). The opposing role of Th2 compared with Th1/Th17 immune responses in the outcome of the disease is supported by studies investigating the effect of cytokines like IL-5 (8), IL-13 (17), IL-33 (16) , and IL-25 (28) in experimental atherosclerosis. Our previous results demonstrating an atheroprotective role of 
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exogenous IL-25 support the findings in the present study (28) . In accordance, we report that IL-25 deficiency as well as anti-IL-25 treatment during the early stage of plaque formation in Apoe Ϫ/Ϫ mice leads to the development of increased athero-sclerotic lesions in the aortic arch, a location of enhanced atherosclerotic plaque formation in Apoe Ϫ/Ϫ mice (31) . However, no differences in the plaque area in the descending aorta or in subvalvular plaques were detected. This could be dependent on 
the age of the mice at sacrifice and thereby the presence of more advanced atherosclerotic plaques. IL-25 may have a greater effect in earlier lesion development. Furthermore, blocking of IL-25 slightly reduced the smooth muscle cell content in subvalvular plaques, whereas an increased lesional CD3 ϩ T-cell infiltration was found in subvalvular plaques of Apoe Ϫ/Ϫ /IL-25 Ϫ/Ϫ mice. The differences in plaque composition may be reflected by the finding that the genetic deletion of IL-25 in the Apoe Ϫ/Ϫ /IL-25 Ϫ/Ϫ mouse model results in a complete absence of IL-25 during the whole lifespan, whereas the IL-25 blockade starts later in life and is only temporal. Thus, the absence of IL-25 seemed to affect atherosclerosis development in the aortic arch and to some extent plaque stability because smooth muscle cells are believed to contribute to a more stable plaque phenotype, whereas higher CD3 ϩ T-cell content indicates the formation of more pro-inflammatory plaques (3, 32) . However, no phenotyping of the plaque T cells was performed, and therefore the increased infiltration of CD3 ϩ T cells into the lesions 
may represent both inflammatory and favorable T cells. It is possible that the induced Th1/Th17 cytokine profile in the spleen of Apoe Ϫ/Ϫ during temporal or complete IL-25 deficiency has influenced the formation of the plaques. In human normal arteries, IL-25 was reported to be expressed by endothelial and smooth muscle cells (33) . In Apoe Ϫ/Ϫ mice, IL-25 appeared to be expressed by endothelial cells and by cells commonly found within atherosclerotic plaques, such as macrophages and T cells, and possibly also smooth muscle cells. However, most of the smooth muscle cells within atherosclerotic lesions have recently been shown to lack expression of conventional markers and exhibit a more macrophage-like phenotype (34 -36) . In addition, medial smooth muscle cells seem not to be a source for IL-25. In the context of helminth infections and asthma, IL-25 was shown to be produced by epithelial cells promoting type 2 immune responses that can be protective or destructive, respectively, in the aforementioned clinical occasions (37) . Several lines of evidence have indicated that Th1related cytokines promote lesion development and plaque instability. Specifically, Apoe Ϫ/Ϫ mice with IFN-␥ receptor deficiency have decreased atherosclerotic plaques characterized by decreased lesional lipid accumulation and cellularity but increased collagen content (6) . IFN-␥ deficiency in LDL receptor-deficient mice reduced atherosclerotic plaques and modulated plaque consistency by reducing the macrophage and smooth muscle cell content only in mice that were on an HFD for 8 weeks (representing early lesion formation) and not for mice on an HFD for 20 weeks (5) . Moreover, IL-12 treatment of Apoe Ϫ/Ϫ mice increased atherosclerotic plaque formation and lesional CD3 ϩ T-cell infiltration (38) , whereas exogenous administration of IFN-␥ to Apoe Ϫ/Ϫ mice increased the lesion size as well as the number of T lymphocytes and MHC-II-positive cells within lesions (7) . Additionally, IL-17A blockade resulted in reduced early plaque formation characterized by increased vascular smooth muscle cell accumulation and collagen content of the fibrous cap as well as reduced lesional apoptosis (19) . In the present study, the findings indicate that the absence of IL-25 has a limited effect on plaque phenotype, although we found a pronounced effect on the CD3 ϩ T-cell content in mice with complete IL-25 deficiency.
Several studies have reported an association of the immune responses in the spleen with the outcome of atherosclerosis in mice (39) . Splenectomy in Apoe Ϫ/Ϫ mice was reported to accelerate atherogenesis (40) , whereas transfer of splenic T and B cells could reverse the induced pro-atherogenic effect (reviewed by Witztum et al. (39) ). Additionally, Emami et al. (41) reported that splenic metabolic activity is increased after acute myocardial infarction in humans and correlates with 
arterial inflammation. In that particular study, splenic activity appeared as an independent predictor of the risk of cardiovascular disease events (41) . Thus, it was of importance to us to record the immunological profile of splenocytes upon temporal and complete IL-25 deficiency in Apoe Ϫ/Ϫ mice. In accordance with previous findings in IL-25-deficient mice, Apoe Ϫ/Ϫ /IL-25 Ϫ/Ϫ mice were found to have increased levels of splenic Th1 and a trend of more Th17 cells. No difference in the Th2 cell population was detected. However, one limitation of the study is that only IL-5 was used as a Th2 marker and not IL-4 and IL-13, which may have resulted in an underestimation of the Th2 cell population. Tregs and ILC2s have previously been shown to be atheroprotective and thereby of interest in this study (28, (42) (43) (44) . In previous work (25) , we identified an IL-25-responsive ILC2 population in the spleen as Lin Ϫ CD45 ϩ IL-17RB ϩ ICOS ϩ IL-7ra int (28) . In support, these atherosclerosis-prone IL-25-deficient mice revealed lower levels of splenic Tregs and ILC2s. In addition, previous work reported that MHCII-expressing ILC2s interact with T cells and that the cross-talk contributes to their mutual maintenance, expansion, and cytokine production (45) . Whether this is also the case in our mouse models must be evaluated. Furthermore, the findings showed a pro-inflammatory cytokine profile in both plasma and spleen as well as reduced plasma levels of atheroprotective anti-PC IgM antibodies. In line with these findings, IL-25 blockade in Apoe Ϫ/Ϫ mice resulted in increased levels of Th1/Th17-related cytokines in the spleen and also reduced IL-4 and IL-13 Th2 cytokine levels in plasma. Interestingly, alongside the splenic increase of Th1/Th17-related cytokines (IL-6, IL-12, IL-17, and IFN-␥), increased levels of IL-13 and IL-10 were also recorded. Although puzzling, because IL-25 has been shown to induce IL-13 in mice (25) , the observed increase of IL-10 and IL-13 might indicate the induction of compensatory immune responses to the pro-inflammatory environment of Th1/Th17 cytokine dominance in the spleens of Apoe Ϫ/Ϫ mice upon IL-25 blockade. The similar but not identical cytokine responses in the two mouse models may reflect that the measurement of the cytokine levels was done in samples collected 11 weeks after the temporal IL-25 blockade (at 25 weeks of age), whereas the Apoe Ϫ/Ϫ /IL-25 Ϫ/Ϫ mouse model has a complete absence of IL-25 during the whole lifespan. Altogether, it appears that the absence of IL-25 also during hypercholesterolemia creates an environment where Th1/ Th17 immune responses dominate. Although the translation of findings in animal models into human atherosclerosis might be difficult, we herein depict a disease-enhancing effect of complete IL-25 deficiency or a temporal IL-25 blockade at the stage of atherogenesis in the Apoe Ϫ/Ϫ mouse model. In conclusion, both complete IL-25 deficiency and IL-25 blockade in Apoe Ϫ/Ϫ mice during early plaque development lead to increased formation of atherosclerotic plaques in the aortic arch. This phenomenon is accompanied by a systemic pro-inflammatory Th1/Th17 environment. The above-mentioned findings indicate a role of endogenous IL-25 in the maintenance of the T-cell subsets and cytokine balance under hypercholesterolemic conditions and that disturbance of that balance through the absence of IL-25 leads to increased atherosclerotic plaque formation in the aortic arch.
Experimental procedures
Mice and treatment outline
Female Apoe Ϫ/Ϫ /IL-25 Ϫ/Ϫ mice were bred in-house by crossing Apoe Ϫ/Ϫ on C57BL/6 background (Jackson Laboratories, B6129P2-Apoe tm1Unc /J) and IL-25 Ϫ/Ϫ mice on C57BL/6 background (IL-25 tm1Anjm kindly provided by Professor Andrew McKenzie (Cambridge, UK)) (46) . Female Apoe Ϫ/Ϫ mice on C57BL/6 background (Jackson Laboratories) bred inhouse were used as control mice. From 10 weeks of age, the Apoe Ϫ/Ϫ /IL-25 Ϫ/Ϫ mice were fed an HFD (0.15% cholesterol and 21% fat (Lantmännen, Stockholm, Sweden)) until they were killed at 25 weeks of age (Fig. S1a) . Upon euthanasia of the mice with an intraperitoneal injection with a mixture of ketamine (50 g/g mouse weight) and xylazine (10 g/g mouse weight), the mice were weighed, blood samples were obtained with cardiac puncture, and the plasma samples were snap-frozen in liquid nitrogen and stored at Ϫ80°C until analysis. Spleens were dissected and stored on ice in RPMI 1640 (Gibco, Stockholm, Sweden) and then processed for single-cell suspension preparations. Next, the mice were whole-body-perfused with PBS. Aortas (including the aortic arch) were dissected, mounted en face, and stored in Histochoice (Amresco, Solon, OH). Hearts were dissected and placed in Histochoice or frozen at Ϫ80°C.
To investigate the effect of IL-25 blockade on early plaque development, female Apoe Ϫ/Ϫ mice on C57BL/6 background (Jackson Laboratories) were injected intraperitoneally once a week with 100 g of an antibody targeting IL-25 (LEAF purified anti-mouse/human IL-25 (IL-17E), clone 35B, Biolegend) or control Ab (LEAF purified rat IgG1, isotype control, clone RTK2071, Biolegend) at 10 weeks of age for a period of 4 weeks. At 10 weeks of age, the mice were placed on an HFD for 15 weeks, after which they were killed (Fig. S1b) . The procedure for euthanasia as well as the collection of blood and organs were as described for the Apoe Ϫ/Ϫ /IL-25 Ϫ/Ϫ mice.
The numbers of mice included in each experiment are shown in the figures and tables. All assessments of outcomes were performed blinded. This study was performed in accordance with the guidelines of the National Institutes of Health. The local animal care and use committee at Lund University (approval M74-14) approved the experimental protocols used in the study.
Flow cytometry
A single-cell suspension of splenocytes was prepared by pressing each spleen through a 70-m cell strainer (BD Falcon, Franklin Lakes, NJ). After lysis of red blood cells (Red Blood Cell Lysing Buffer, Sigma) and extensive washing, the cells were placed in cell culture medium (RPMI 1640 medium containing 10% heat-inactivated fetal calf serum, 1 mmol liter Ϫ1 sodium pyruvate, 10 mmol liter Ϫ1 Hepes, 50 units of penicillin, 50 g ml Ϫ1 streptomycin, 0.05 mmol liter Ϫ1 ␤-mercaptoethanol, and 2 mmol liter Ϫ1 L-glutamine; Gibco, Paisley, UK). Splenocytes and blood cells were stained with fluorochrome-conjugated antibodies for flow cytometric analysis unless intracellular staining of cytokines was required. In that case, for IL-5 and IFN-␥ intracellular staining, the cells were stimulated with 32.4 nmol liter Ϫ1 PMA, 1.3 mol liter Ϫ1 ionomycin, and 17.8 mol
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liter Ϫ1 brefeldin A (Sigma-Aldrich, Stockholm, Sweden) for 4 h before staining, whereas cells that were intended for IL-17 staining were stimulated for 18 -24 h with the same stimuli. Fluorochrome-stained cells were run in a CyAn ADP flow cytometer (Beckman Coulter, High Wycombe, UK), and the flow cytometric data obtained were analyzed with FlowJo software (Tree Star, Inc., Ashland, OR). In the case of blood cells, erythrocytes were lysed with lysing buffer (BD Pharm Lyse TM , BD Biosciences, Stockholm, Sweden) before all stainings. All of the antibodies were purchased from Biolegend (San Diego, CA) unless indicated otherwise. The extracellular antibodies that were used are CD3-PE/Cy7 (clone 145-2C11), CD4-PB (clone RM4-4), CD8-AF700 (clone YTS156.7.7), CD25-APC (clone 3C7), ICOS-PB (clone C398.4A), CD45-APC/Cy7 (clone 30-F11), IL-7ra-FITC (clone SB/199), and IL-17RB-APC (clone 752101, R&D Systems, Abingdon, UK), whereas the intracellular are Foxp3-PE (clone MF-14), IL-5-APC (clone TRFK5), IFN-␥-PE (clone XMG1.2), and IL-17A-APC (clone TC11-18H10.1). In additional experiments, splenocytes were immunomagnetically enriched in ILC2s with the use of a custommade kit from Stem Cell Technologies Inc. (Vancouver, Canada) (lineage antibody mixture: CD3, CD4, CD8, CD11b, CD11c, CD45R, CD19, Gr-1, Fc⑀RI, NK 1.1, and Ter-119). The enriched fraction of cells was next stained with fluorochromeconjugated antibodies, such as Lin-Streptavidin PE/Cy7, ICOS-PB (clone C398.4A), CD45-APC/Cy7 (clone 30-F11), IL-7ra-FITC (clone SB/199), and IL-17RB-APC (clone 752101, R&D Systems, Abingdon, UK) and analyzed with the use of flow cytometry. All gatings for the investigated cell populations were set according to FMO (fluorescence minus one) samples. Th1 cells were identified as CD3 ϩ CD4 ϩ IFN-␥ ϩ cells, Th2 as CD3 ϩ CD4 ϩ IL-5 ϩ , Th17 as CD3 ϩ CD4 ϩ IL-17 ϩ , and T regulatory cells (Tregs) as CD3 ϩ CD4 ϩ CD25 ϩ FoxP3 ϩ . All of them are reported as a percentage of the T helper cell population (CD3 ϩ CD4 ϩ ) unless indicated otherwise. ILC2s were identified as Lin Ϫ CD45 ϩ IL-17RB ϩ ICOS ϩ IL-7ra int and reported as a percentage of CD45 ϩ cells.
Cytokine analysis
Splenocytes (1.7 ϫ 10 6 cells/ml) were stimulated with 1.3 mol liter Ϫ1 ionomycin and 32.4 nmol liter Ϫ1 PMA for 24 h. Cell culture supernatants were frozen at Ϫ80°C until analysis. Cytokine release by cells and plasma cytokine levels (IL-2, IL-4, IL-5, IL-6, IL-9, IL-10, IL-12(p40), IL-13, IL-17, IFN-␥, and TNF␣) were assessed with the use of Luminex xMAP TM technology according to the company's instructions (Bio-Plex Pro Mouse Cytokine Group I kit, Bio-Rad).
Aortic plaque area; immunohistochemistry of subvalvular plaques
En face preparations of aortas (descending aorta and aortic arch) were dipped in 78% methanol and stained for 40 min in 0.16% Oil Red O dissolved in 78% methanol containing 0.22 mol liter Ϫ1 NaOH. Additionally, 10-m heart sections were collected after embedding of each tissue in OCT (optimal cutting temperature; Tissue-Tek, Zoeterwoulde, The Netherlands). Subvalvular heart sections were stained for CD3 ϩ T cells (anti-CD3, Dako A0452), macrophages (MOMA-2 antibody, clone MOMA2, BMA Biomedicals, Switzerland; rabbit anti-mouse CD68, Ab125212, Abcam), smooth muscle (␣-actin smooth muscle antibody, clone 1A4, Sigma A2547), IgM (biotinylated anti-mouse IgM, Vector Laboratories, BA 2020), IL-25 (rabbit anti-mouse IL-25, 06-1080, Sigma; Signal Stain Boost IHC detection reagent (rabbit), Bio Nordica, 8114), and collagen content. For macrophage and CD3 ϩ T-cell content, rabbit Igs (Dako X0936, Solna, Sweden) were used as negative controls, whereas for IgM, IL-25, and ␣-actin smooth muscle cell content, a rabbit immunoglobulin (clone EPR25A, ab172730, Abcam) was utilized. A DAB detection kit was used for color development (Vector Laboratories), and the sections were counterstained in hematoxylin. For assessment of the collagen content of the plaques, subvalvular sections were stained with Van Gieson solution acid fuchsin (Sigma-Aldrich). To assess the necrotic core, sections were stained with hematoxylin/eosin, and the area was determined as the acellular area Ͼ3000 m 2 , lacking nuclei and cytoplasm, under the fibrous cap of lesions. All stainings were quantified with Image-Pro-Plus version 4.5 software (Media Cybernetics, Bethesda, MD).
Plasma Igs
Plasma IgA, IgG1, IgG2a (not expressed in C57BL/6 mice), IgG2b, IgG3, and IgM levels were assessed with the use of the Mouse Isotyping Panel 1 Assay kit from Mesoscale according to the company's instructions (MSD Multi-spot Assays, Mesoscale Discovery, Rockville, MD). Plasma IgE levels were determined with the use of a mouse IgE ELISA kit from Bethyl Laboratories, Inc. (Montgomery, TX), whereas IgM antibodies targeting PC were assessed with an ELISA kit from Athera Biotechnologies (Solna, Sweden) according to the company's instructions with the exception of utilizing peroxidase-conjugated anti-mouse IgM (Jackson ImmunoResearch).
Plasma cholesterol and triglyceride levels
Total cholesterol and triglyceride levels were measured enzymatically using kits from Infinity (Thermo Fisher Scientific).
Statistics
Analysis of data was performed using two-tailed unpaired t test for normally distributed or log-transformed skewed data or a Mann-Whitney test to assess nonnormally distributed variables. Data are presented as mean Ϯ S.D. Analysis was performed using GraphPad Prism version 7.00 (GraphPad Software, La Jolla, CA), and a level of p Ͻ 0.05 was considered significant.
Author contributions-P. T. M., P. D., J. N., H. B., and G. N. F. conceived and designed the experiments; P. T. M., P. D., E. B., I. L., L. S., F. T., R. A., I. S., and C. C. performed the experiments; P. M., P. D., I. L., L. S., F. T., J. N., H. B., and G. N. F. analyzed the data; P. T. M. and G. N. F. wrote the paper. All authors analyzed the results and approved the final version of the manuscript.
